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Abstract
Introduction: Melanoma differentiation associated gene-7 (MDA-7), also known as interleukin (IL)-24, is a tumour
suppressor gene associated with differentiation, growth and apoptosis. However, the mechanisms underlying its
anti-neoplastic activity, tumour-specificity and efficacy across a spectrum of human cancers have yet to be fully
elucidated. In this study, the biological impact of MDA-7 on the behavior of breast cancer (BC) cells is evaluated.
Furthermore, mRNA expression of MDA-7 is assessed in a cohort of women with BC and correlated with
established pathological parameters and clinical outcome.
Methods: The human BC cell line MDA MB-231 was used to evaluate the in-vitro impact of recombinant human
(rh)-MDA-7 on cell growth and motility, using a growth assay, wounding assay and electric cell impedance sensing
(ECIS). Localisation of MDA-7 in mammary tissues was assessed with standard immuno-histochemical methodology.
BC tissues (n = 127) and normal tissues (n = 33) underwent RNA extraction and reverse transcription, MDA-7
transcript levels were determined using real-time quantitative PCR. Transcript levels were analyzed against tumour
size, grade, oestrogen receptor (ER) status, nodal involvement, TNM stage, Nottingham Prognostic Index (NPI) and
clinical outcome over a 10 year follow-up period.
Results: Exposure to rh-MDA-7 significantly reduced wound closure rates for human BC cells in-vitro. The ECIS
model demonstrated a significantly reduced motility and migration following rh-MDA-7 treatment (p = 0.024).
Exposure to rh-MDA-7 was only found to exert a marginal effect on growth. Immuno-histochemical staining of
human breast tissues revealed substantially greater MDA-7 positivity in normal compared to cancer cells.
Significantly lower MDA-7 transcript levels were identified in those predicted to have a poorer prognosis by the
NPI (p = 0.049) and those with node positive tumours. Significantly lower expression was also noted in tumours
from patients who died of BC compared to those who remained disease free (p = 0.035). Low levels of MDA-7
were significantly correlated with a shorter disease free survival (mean = 121.7 vs. 140.4 months, p = 0.0287) on
Kaplan-Meier survival analysis.
Conclusion: MDA-7 significantly inhibits the motility and migration of human BC cells in-vitro. MDA-7 expression is
substantially reduced in malignant breast tissue and low transcript levels are significantly associated with
unfavourable pathological parameters, including nodal positivity; and adverse clinical outcomes including poor
prognosis and shorter disease free survival. MDA-7 offers utility as a prognostic marker and potential for future
therapeutic strategies.
Introduction & Background
Melanoma differentiation associated gene-7 (MDA-7),
also known as interleukin (IL)-24, is an intriguing mem-
ber of the class II/IL-10 cytokine family [1]. This novel
tumour suppressor gene was initially identified from
human melanoma cells [2,3]. Mapped within the IL-10
family cytokine cluster to 1q32.2-q41, the gene encodes
a protein consisting of 206 amino acids, secreted in
mature form as a 35-40 kDa phosphorylated glycopro-
tein [4,5]. MDA-7 is expressed by diverse cell types,
including: B cells, Nk cells, dendritic cells, monocytes
and melanocytes. Although its physiological role is
poorly understood, forced expression of MDA-7 in can-
cer cells results in irreversible growth inhibition, reversal
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[6]. Further in-vitro and in-vivo studies have demon-
strated these attributes to be tumour-selective and
applicable to numerous solid malignancies. Many
human cancer derived cell lines, including: prostate,
breast, cervical, lung, fibrosarcoma, colorectal, mela-
noma, and glioblastoma, undergo apoptosis when
exposed to MDA-7 [7-12]. Interestingly, similar effects
are not apparent following transduction into their non-
malignant counterparts [13]. Specific anti-tumour activ-
ity has also been established in a range of human
tumour xenograft models and recently in several early-
phase clinical trials involving patients with advanced
solid cancers [10,11,14,15]. MDA-7 is emerging as a dif-
ferentiation, growth and apoptosis associated gene with
potential utility for the gene-based therapy of several
human cancers [4].
However, the mechanisms through which MDA-7
expression exerts its anti-neoplastic activity, tumour-
specificity and efficacy across a spectrum of human can-
cers have yet to be fully elucidated. Akin to other cyto-
kines, secreted MDA-7 operates via its cell surface
receptor complex, involving the IL-20R1/IL-20R2 or IL-
22R1/IL20R2 hetero-dimers [16,17]. Although receptor
activation is associated with the Janus activated kinase
(JAK)/signal transducers and activators of transcription
(STAT) signalling, specific tumour suppressor function
may not be entirely dependent upon these pathways
[18]. Indeed, selective anti-tumour activity is believed to
be exerted through both secretory (extra-cellular) and
non-secretory (intra-cellular) pathways [19,20]. Intra-cel-
lular activity is thought to be mediated in a cell surface
receptor-independent manner, involving endoplasmic
reticulum (ER) signalling, as evidenced by localisation
studies, interaction with resident ER chaperones and the
induction of particular genes associated with the ER
stress response [13,21-23]
In this study, the biological impact of MDA-7 on the
behavior of breast cancer (BC) cells is evaluated.
Furthermore, mRNA expression of MDA-7 is assessed
in a cohort of women with BC. Transcript levels are
compared with normal background tissues and evalu-
ated against established pathological parameters and
clinical outcome over a 10 year follow-up period.
Methods
Patients, materials and cell lines
The human BC cell line MDA MB-231 was obtained
from ATCC (American Type Cell Collection, Maryland,
USA). BC tissues (n = 127) and normal background tis-
sues (n = 31) were collected from University Hospital of
Wales and St George’sH o s p i t a la n dM e d i c a lS c h o o l ;
institutional guidelines, including ethical approval and
informed consent, were followed. Specimens were
obtained immediately after excision during surgery and
stored at -80°C until use. A consultant pathologist
examined haematoxylin and eosin stained frozen sec-
tions to verify the presence of tumour cells in the col-
lected samples. Normal tissue was derived from the
background breast parenchyma of BC patients within
the study group. Medical notes and histology reports
were used to extract the clinico-pathological data (Table
1). A customized database was established to record the
data. Recombinant human (rh) MDA-7/IL-24 was pur-
chased from R&D System Europe. Antibodies to human
MDA-7/IL-24, anti-IL20Ra,a n t i - I L 2 0 R b,a n da n t i - I L -
22R were obtained from Santa-Cruz Biotechnologies
Inc. ROCK inhibitor was purchased from Santa-Cruz
Biotechnologies Inc., Akt inhibitor, SIS3 inhibitor, PLC-
gamma inhibitor, JNK inhibitor, JAK inhibitor, MET
inhibitor, Wortmannin and Wiskostatin were obtained
from Calbiochem, Nottingham, England, UK. Matrigel
(reconstituted basement membrane) was purchased
from Collaborative Research Products (Bedford, Massa-
chusetts, USA). Transwell plates equipped with a porous
insert (pore size 8 μm) were obtained from Becton
Table 1 Clinical and pathological data
Parameter Category Number
Node Status Node positive 54
Node negative 73
Tumour Grade 12 4
24 3
35 8
Tumour Type Ductal 98
Lobular 14
Medullary 2
Tubular 2
Mucinous 4
Non specific 7
TNM staging 17 0
24 0
37
44
NPI NPI1 68
NPI2 38
NPI3 16
Clinical Outcome Disease free 90
Alive with metastasis 7
With local recurrence 5
Died from breast cancer 16
Died of unrelated disease 9
ER status ER a negative 75
ER a positive 38
ER b negative 91
ER b positive 24
Note: missing values reflect discarded/un-interpretable values
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Page 2 of 9Dickinson Labware (Oxford, UK). DNA gel extraction
and plasmid extraction kits were purchased from Sigma.
Tissue processing, RNA extraction, cDNA synthesis
and RT-PCR
Frozen sections of tissue were cut at a thickness of 5-10
mm and kept for routine histological analysis. Additional
15-20 sections were mixed and homogenized using a
hand-held homogenizer in ice-cold RNA extraction solu-
tion. RNA from cells was extracted using an RNA extrac-
tion kit (AbGene Ltd, Surrey, England, UK). RNA
concentration was quantified using a UV spectrophot-
ometer (Wolf Laboratories, Y o r k ,E n g l a n d ,U K ) .R e v e r s e
transcription was carried out using a reverse transcrip-
tion kit, cDNA was synthesised using first strand synth-
esis with an anchored oligo
dt primer (AbGene, Surrey,
UK). The polymerase chain reaction (PCR) was per-
formed using sets of primers (Table 2) with the following
conditions: 5 min at 95°C, 20 seconds at 94°C, 25 seconds
at 56°C, 50 seconds at 72°C for 36 cycles and finally 72°C
for 7 minutes. b-actin was amplified and used as a house
keeping control to verify the quality of cDNA. PCR pro-
ducts were separated on a 0.8% agarose gel, visualised
under UV light, photographed using a Unisave™ camera
(Wolf Laboratories, York, England, UK) and recorded
with Photoshop software.
Quantitative analysis of MDA-7
MDA-7 transcript levels within the above-prepared
cDNA was determined using real-time quantitative PCR,
based on the Amplifluor™ technology, modified from pre-
vious reports [24,25]. Pairs of PCR primers were designed
using the Beacon Designer™ software (Version 2, Palo
Alto, California, USA) and synthesized by Sigma-Aldrich,
added to the reverse primer was an additional sequence,
known as the Z sequence (5’-ACTGAACCTGACCG-
TACA-’3) which is complementary to the universal Z
probe (Intergen Inc., Oxford, England, UK). The product
expands one intron. The primers used are detailed in
Table 2. Taqman detection kit for b-actin was purchased
from Perkin-Elmer. The reaction was carried out using
the following: custom made hot-start Q-master mix
Abgene (Surrey, England, UK), 10 pmol of specific for-
ward primer, 1 pmol reverse primer with the Z sequence
(Table 2), 10 pmol of FAM- (fluorogenic reporter dye,
carboxyfluorescein) tagged probe (Intergen Inc.), and
cDNA generated from 50 ng RNA. The reaction was car-
ried out using IcyclerIQ™ (Bio-Rad, Hemel Hempstead,
England, UK) which is equipped with an optic unit that
allows real-time detection of 96 reactions, under the fol-
lowing conditions: 94°C for 12 minutes, 50 cycles of 94°C
for 15 seconds, 55°C for 40 seconds and 72°C for 20 sec-
onds. The transcript levels were generated from an inter-
nal standard that was simultaneously amplified with the
samples. The levels of gene expression were then normal-
ized against the housekeeping control, which was also
quantified in these specimens, to correct for varying
amounts of epithelial tissue between samples [26]. With
every PCR run, a negative control without a template and
a known cDNA reference sample as a positive control,
were included.
In-vitro cell growth assay
Cells were plated into 96-well plates at 2,000 cells/well,
followed by a period of incubation. Cells were fixed in
10% formaldehyde at the day of plating and daily for the
subsequent 5 days. 0.5% crystal violet (w/v) was used to
stain cells. Following washing, the stained crystal violet
was dissolved with 10% (v/v) acetic acid and the absor-
bance was determined at a wavelength of 540 nm using
an ELx800 spectrophotometer. Absorbance was used to
represent the cell number.
Electric Cell-substrate Impedance Sensing (ECIS) based
cell adhesion assay
Cell migration was determined using a wounding assay
and ECIS assays. Two models of ECIS instrument were
used: ECIS 9600 for screening and ECIS1600R for mod-
elling. In both systems, 8W10 arrays were used (Applied
Biophysics Inc, NJ, US). The array surfaces and electro-
des were pre-treated with a Cysteine solution (10 mM)
and subsequently incubated with complete medium for
an hour. The same number of BC cells was added to
each well (300,000/well). Electric changes were continu-
ously monitored for up to 24 hours. In the 9600 system,
the monitoring was at fixed 30 Hz. In the 1600R system,
two conditions were recorded: 400 Hz, 4,000 Hz, 40,000
Hz for screening the cells response to IL-24/MDA-7
and 4,000 Hz fix frequency for cell modelling.
Immuno-histochemical analysis of MDA-7 & MDA-7
receptors in cells and tissues
Frozen sections of breast tissues (normal and tumour)
w e r ec u ta tat h i c k n e s so f6μm using a cryostat. Sec-
tions were mounted on super frost plus microscope
Table 2 Forward and reverse primers
MDA-7/IL-24 F GATGTTTTCCATCAGAGACAG
MDA-7/IL-24 Zr ACTGAACCTGACCGTACACATCCAGGTCAGAAGAATGT
IL20R1 F TACAATGGACTCCACCAGAG
IL20R1 ZR ACTGAACCTGACCGTACATATTCAGCCATTTCTTTTGC
IL20R2 F GCCTGGAGAAACAGTGTACTA
IL20R2 ZR ACTGAACCTGACCGTACACAGGACCTTCAGTGAGTGAG
CK-19 F CAGGTCCTAGAGGTTACTGAC
CK-19 Zr ACTGAACCTGACCGTACACACTTTCTGCCAGTGTGTCTTC
b-actin F ATGATATCGCCGCGCTCGTC
b-actin Zr CGCTCGGTGAGGATCTTCA
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Acetone and 50% methanol. Sections were then placed in
“Optimax” wash buffer for 5-10 minutes to rehydrate. Sec-
tions were incubated for 20 minutes in a 0.6% bovine
serum albumin (BSA) blocking solution and probed with
the primary antibody. Sections were incubated for 20 min-
utes in a 10% horse serum blocking solution and probed
with the primary antibodies (1:100 for anti-MDA-7, anti-
IL-20Ra, and 1:150 for anti-IL20Rb and anti-IL22R). Fol-
lowing extensive washings, sections were incubated for 30
minutes in the secondary biotinylated antibody (Multi-link
Swine anti-goat/mouse/rabbit immunoglobulin, Dako
Inc.). Following washings, Avidin Biotin Complex (Vector
Laboratories) was then applied to the sections followed by
further washings. Di-amino-benzidine (DAB) chromogen
(Vector Labs) was then added to the sections which were
incubated in the dark for 5 minutes. Sections were counter
stained with Gill’s Haematoxylin and dehydrated in
ascending grades of methanol before clearing in xylene
and mounting under a cover slip.
Statistical analysis
The two-sample t-test (comparison of mean copy num-
ber) was used for statistical analysis of absolute and nor-
malised gene copy number. For normality the Anderson-
Darling test was used. The transcript levels within the BC
specimens were compared to normal background tissues
and analyzed against conventional pathological para-
meters and clinical outcome over a 10 year follow-up
period. In each case the true copy number was used for
statistical analysis and hence the samples were not classi-
fied as positive or negative. The statistical analysis was
carried out using Minitab version 14.1 (Minitab Ltd. Cov-
entry, England, U.K.) using a custom written macro (Stat
2005.mtw). For purposes of the Kaplan-Meier survival
analysis, the samples were divided arbitrarily into two
groups, ‘high transcript level’ or ‘low transcript level’. The
cut-off was guided by the Nottingham Prognostic Index
(NPI) value, with which the value of the moderate prog-
nostic group was used as the dividing line at the start of
the test. Survival analysis was performed using SPSS ver-
sion 16.0 (SPSS Inc. Chicago, IL, USA). NPI = tumour
size (cm) × 0.2 + lymph node stage (1 - no nodes
affected; 2 - up to 3 nodes affected; 3 - more than 3
nodes affected) + Grade (1-3, Scarff-Bloom-Richardson).
NPI scores were classified into three groups: < 3.4 = NPI-
1, 3.4-5.4 = NPI-2, > 5.4 = NPI-3. Within tumour sam-
ples, oestrogen receptor (ER) status was classified accord-
ing to transcript copy number per 50 ng (nanograms) of
RNA: < 1 = negative, ≥1 = positive.
Results
The MDA MB 231 cell line was confirmed to express both
IL20R1 (0.008 copies/ul) and IL-20R2 (40.5 copies/ul).
In-vitro studies demonstrated that migration of BC cells
was profoundly affected by rh-MDA-7. After scratch
wounding, exposure to rh-MDA-7 significantly reduced
the wound closure rate of MDA MB-231 cells treated with
rh-MDA-7 at 20 ng/ml, when compared to controls. The
impact of rh-MDA-7/IL-24 on BC cell migration is
depicted in Figure 1. The ECIS model confirmed that
MDA MB-231 cells treated with rh-MDA-7 showed a sig-
nificantly slower rate of migration (electrical resistance
80.1 ± 24.3), when compared with control cells (130 ±
24.3), p = 0.024. Furthermore, the presence of rh-MDA-7
significantly reduced the motility of BC cells. The impact
of rh-MDA-7 on the micro-motion and migration of the
MDA MB-231 cell line is depicted in Figure 2. Exposure
to rh-MDA-7 was only found to exert a marginal effect on
in-vitro growth which did not reach statistical significance.
Immuno-histochemical staining of human breast tis-
sues revealed a substantially greater degree of MDA-7
positivity within normal mammary epithelial cells, com-
pared to virtually no staining in cancer cells, Figure 3A.
Using the NPI as a prognostic indicator, tumours from
patients with poorer prognosis showed significantly
lower MDA-7 transcript levels compared with their
counterparts predicted to have a good prognosis (p =
0.049), Figure 3B. MDA-7 transcript levels were also
found to be correlated with nodal status, with lower
transcript levels found in node positive tumours, Figure
3C. Patients who remained alive and disease free had a
significantly higher levels of MDA-7 compared with
those who developed distant metastasis (3.77 ± 1.32 vs.
0.0019 ± 0.002, p = 0.0058). A significant difference in
MDA-7 expression was identified between tumours
from patients who died of breast cancer and those who
remained disease free after a median follow up of 10
years, with the latter showing higher MDA-7 transcript
levels, p = 0.035. Furthermore, Kaplan-Meier survival
analysis revealed that low levels of MDA-7 were signifi-
cantly correlated with a shorter disease free survival
(mean = 121.7 months, 95% CI = 108.5-134.9) compared
with high levels of expression (mean = 140.4 months,
95% CI = 133.7-147.1), p = 0.0287, Figure 4. The MDA-
7/CK-19 ratio was also found to have significant predic-
t i v ev a l u ef o rd i s e a s ef r e es u r v i v a l( p=0 . 0 4 3 5 ) .L o w e r
MDA-7 transcript levels were associated with a shorter
overall survival, although this did not reach statistical
significance (p = 0.078 for MDA-7, p = 0.1435 for
MDA-7/CK-19 ratio). ER positive tumours were found
to have lower levels of MDA-7 expression compared
with ER-negative tumours, although this trend did not
reach statistical significance (p = 0.094, NS).
Discussion
The present study adds to the literature in support of
the tumour suppressor function of MDA-7 in solid
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Page 4 of 9Figure 1 The impact of rh-MDA-7/IL-24 on BC cell migration. Exposure to rh-MDA-7 significantly reduced the wound closure rate of MDA
MB-231 cells, after scratch wounding. Left: control; Right: Cells treated with rh-MDA-7 at 20 ng/ml. Photographs shown are 2 hours after
wounding. Inserts: beginning of the wounding at lower magnification.
Figure 2 Impact of rh-MDA-7 on the micro-motion (A, B) and migration (a, b) of the BC cell line MDA MB-231, using the ECIS model
(1600R for A, B and 9600 for a, b). The presence of rh-MDA-7 significantly reduced the motility of BC cells.
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Page 5 of 9Figure 3 Localisation of MDA-7 in mammary tissues (A) and levels of MDA-7 transcript in breast cancer tissues in relation to
prognosis (B) and nodal status (C). Breast cancer cells stained virtually negative for MDA-7, in comparison with normal epithelial cells (A-left).
Tumours from patients predicted to have a poorer prognosis and node positive tumours had lower transcript levels (B and C respectively).
Figure 4 MDA-7 expression and Kaplan-Meier survival analysis. Low levels of MDA-7 are significantly correlated with a shorter disease free
survival (mean = 121.7 months, 95% CI = 108.5-134.9) compared with high levels (mean = 140.4 months, 95% CI = 133.7 - 147.1), p = 0.0287.
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Furthermore, this study is the first to quantitatively eval-
uate MDA-7 mRNA expression in a large cohort of BC
patients and provide correlation with conventional
pathological parameters and clinical outcomes over an
extended follow-up period. MDA-7 expression was
found to be substantially reduced in malignant breast
tissue and low transcript levels were significantly asso-
ciated with unfavourable pathological parameters,
including nodal positivity; and adverse clinical outcomes
including poor prognosis and shorter disease free survi-
val. Despite the inferences drawn, the mechanisms
through which MDA-7 expression exerts its tumour-
specificity, anti-neoplastic activity and efficacy across a
range of human cancers have yet to be fully elucidated
and will undoubtedly be necessary to optimise potential
therapeutic applications.
Several in-vitro studies, including the current study,
have employed rh-MDA-7 for exposure testing in var-
ious experiments, however MDA-7 delivery can also be
achieved via a non-replicating adenovirus, referred to as
adenoviral-mediated gene transfer (Ad-MDA-7) or ade-
noviral-induced expression. Ni et al. [27] have also
investigated the effects of MDA-7 on the growth and
apoptosis of human BC cell lines. In contrast to the
results of the present study which found MDA-7 to
have only a marginal impact on tumour cell growth,
their in-vitro transfection studies demonstrated a clear
dose and time-dependent inhibition of cell growth in
addition to enhanced apoptosis [27]. It is possible that
differences in the method of MDA-7 delivery, in-vitro
assay and cell lines employed could explain some of the
discrepancies in efficacy noted between studies. MDA-7
is believed to be associated with the induction of key
molecules, altering the balance between pro- and anti-
apoptotic proteins which mediate growth inhibition and
apoptosis in several tumour types. Mechanistic studies
undertaken by Sauane et al. [5] have confirmed the spe-
cificity of MDA-7 for transformed cells and demonstrate
localisation to the ER with the induction of sustained
stress as evidenced by expression of ER stress markers.
Apoptosis was found to be mediated through JAK/
STAT independent and p38-mitogen-activated protein
kinase (MAPK)-dependent pathways [5]. In keeping with
this, Sarkar et al. [23] found that Ad-MDA-7 acts in a
tumour-specific manner, resulting in the induction of
various growth arrest and DNA damage inducible
(GADD) genes, via p38-MAPK activation, associated
with the stress response and ER stress pathways [5,23].
Gupta et al. [21] have also shown the importance of
MDA-7 interaction with the ER resident chaperone BiP/
GRP78 for induction of ER stress signals and subsequent
activation of p38-MAPK and GADD gene expression
which culminate in apoptosis. Lebedeva et al. [28] have
demonstrated that these effects are not present in nor-
mal and non-malignant cells. Another interesting obser-
vation with mechanistic implications comes from Suh et
al. [29], who have combined Ad-MDA-7 with a selective
cyclo-oxygenase (COX)-2 inhibitor and identified syner-
gistic in-vitro tumouricidal activity against BC cell lines.
In addition to the aforementioned studies evaluating cell
growth and survival, the present study demonstrated
MDA-7 to have a profound inhibitory effect on the
motility and migration of BC cells in-vitro. It would
appear that MDA-7 has a regulatory role in cell motility
with the ability to modulate and influence the pathways
involved with implications for both local invasion and
metastatic potential.
In-vivo, MDA-7 mediated tumour specific apoptosis
has been demonstrated to be supplemented by an addi-
tional ‘anti-tumour bystander’ effect, with the former
‘intra-cellular killing’ being receptor-independent and
the latter dependent on MDA-7 secretion and canonical
IL-20/IL-22 receptor complexes on the surface of target
cells [14,15,19,22]. In-vivo studies involving the inocula-
tion of nude mice with human BC cell lines have
demonstrated significant growth inhibition following
MDA-7 injection [27]. Sarkar et al. [30] have devised a
dual cancer-specific targeting strategy by constructing a
conditionally replication competent adenovirus which
demonstrates tumour-specific virus replication, in addi-
tion to the expression of MDA-7. Their results are
encouraging, with the complete eradication of both pri-
mary and distant disease in human BC xenografts in
nude mice [30]. MDA-7 has also been shown to influ-
ence endothelial cells, exerting an potentially anti-angio-
genic effect within the tumour vasculature [31]. Chada
et al. [32] found Ad-MDA-7 to mediate p53-indepen-
dent inhibition of tumour growth, cell cycle arrest and
apoptosis, associated with down-regulation of Bcl-2 and
Akt. In-vivo, growth inhibition was demonstrated in
multiple xenograft models. Furthermore, Ad-MDA-7
was demonstrated to have an additive or synergistic
effect in both cellular and animal studies when com-
bined with chemotherapy, biologic therapies and radio-
therapy. These effects were associated with decreased
Bcl-2 expression and BAX up-regulation [32]. Bocangel
et al. [33] evaluated the treatment of a panel of Her-2/
neu over-expressing cell lines and nude mice tumours
with a combination of Ad-MDA-7 gene transfer and
Trastuzumab/Herceptin, the anti-human epidermal
growth factor receptor-2 (Her-2) monoclonal antibody.
The study demonstrated synergistic tumour suppression
with increased cell death, cell cycle block and apoptosis
[33]. Their study is supported by that of McKenzie et al.
[34].
Hence, in addition to utility as a prognostic marker,
MDA-7 appears to offer significant therapeutic potential,
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tumour-specificity and efficacy against a range of solid
human cancers. Indeed, therapeutic potential has been
recently evaluated. The safety and efficacy of Ad-MDA-
7 has been demonstrated in phase-1 clinical trials of
intra-tumoural injection into several solid cancers,
including melanoma [10,11,14,15]. Albeit premature,
MDA-7 has already been referred to by some authors as
the “magic bullet for cancer” and “cancer’s Achilles’
heel” [8,10]. However, further mechanistic studies are
imperative to fully unlock and optimise future therapeu-
tic applications.
Limitations of the present study include the single BC
cell line evaluated and single method of MDA-7 delivery
employed. In addition to motility, migration and growth,
in-vitro studies could be extended to include assays of
adhesion, invasiveness and apoptosis. Immuno-fluores-
cence could also be employed to evaluate changes in
cyto-skeletal arrangement after treatment with rh-MDA-
7. The use of background parenchyma from BC patients
to provide ‘normal tissue’ for comparison is also conten-
tious. Ideally, such material should be derived from
patients without BC in order to avoid any ‘field change’
which may exist within cancer bearing tissues. Although
the sample size and follow-up period were substantial, it
is possible that a larger cohort, particularly with regard
to subgroup analysis, may have influenced several results
which approached, but failed to reach, statistical signifi-
cance. In addition to the measurement of mRNA tran-
script levels, quantitative analysis of protein expression
should be undertaken to ensure concordance. Correla-
tion with associated molecules and other markers of
invasiveness and metastatic competence would also have
been of value.
Conclusion
MDA-7 significantly inhibits the motility and migration
of human BC cells in-vitro. MDA-7 expression is sub-
stantially reduced in malignant breast tissue and low
transcript levels are significantly associated with unfa-
vourable pathological parameters, including nodal posi-
tivity; and adverse clinical outcomes including poor
prognosis and shorter disease free survival. In addition
to its prognostic utility, further mechanistic studies are
warranted to explore the potential for therapeutic
manipulation in human breast cancer.
Conflicts of interests
The authors declare that they have no competing interests.
Authors’ contributions
NP Literature Review, Data Interpretation, Manuscript Writing & Editing
ADJ Study Design/Concept, Pathological Overview
RM Study Design/Concept
WJ Study Design/Concept, Laboratory Methodology, Data Acquisition/
Analysis
KM Principal Investigator, Study Design/Concept, Patient Recruitment, Data
Analysis
All authors read and approved the final manuscript.
Acknowledgements
The authors wish to thank Cancer Research Wales and The Fong Family
Foundation for supporting this work.
Author details
1Department of Breast Surgery, The London Breast Institute, The Princess
Grace Hospital, 42-52 Nottingham Place, W1U-5NY, London, UK.
2Department of Medical Genetics, Haematology & Pathology, Cardiff
University School of Medicine, Cardiff University, Heath Park, CF14-4XN,
Cardiff, UK.
3Department of Surgery, Anaesthetics, Obstetrics & Gynaecology,
Cardiff University School of Medicine, Cardiff University, Heath Park, CF14-
4XN, Cardiff, UK.
4Metastasis & Angiogenesis Research Group, University
Department of Surgery, Cardiff University School of Medicine, Cardiff
University, Heath Park, CF14-4XN, Cardiff, UK.
5Department of Breast Surgery,
St George’s, University of London, Cranmer Terrace, SW17-0RE, London, UK.
6Department of Biosciences, School of Health Sciences and Social Care,
Brunel Institute of Cancer Genetics and Pharmacogenomics, Brunel
University, Uxbridge, Middlesex, UB8 3PH, London, UK.
Received: 23 August 2010 Accepted: 24 August 2010
Published: 24 August 2010
References
1. Pestka S, Krause CD, Sarkar D, Walter MR, Shi Y, Fisher PB: Interleukin-10
and related cytokines and receptors. Annu Rev Immunol 2004, 22:929-79.
2. Jiang H, Fisher PB: Use of a sensitive and efficient subtraction
hybridization protocol for the identification of genes differentially
regulated during the induction of differentiation in human melanoma
cells. Mol Cell Differ 1993, 1:285-99.
3. Jiang H, Lin JJ, Su Z-Z, Goldstein NI, Fisher PB: Subtraction hybridization
identifies a novel melanoma differentiation associated gene, mda-7,
modulated during human melanoma differentiation, growth and
progression. Oncogene 1995, 11:2477-2486.
4. Huang EY, Madireddi MT, Gopalkrishnan RV, Leszczyniecka M, Su Z,
Lebedeva IV, Kang D, Jiang H, Lin JJ, Alexandre D, Chen Y, Vozhilla N,
Mei MX, Christiansen KA, Sivo F, Goldstein NI, Mhashilkar AB, Chada S,
Huberman E, Pestka S, Fisher PB: Genomic structure, chromosomal
localization and expression profile of a novel melanoma differentiation
associated (mda-7) gene with cancer specific growth suppressing and
apoptosis inducing properties. Oncogene 2001, 20(48):7051-63.
5. Sauane M, Gupta P, Lebedeva IV, Su ZZ, Sarkar D, Randolph A, Valerie K,
Gopalkrishnan RV, Fisher PB: N-glycosylation of MDA-7/IL-24 is
dispensable for tumor cell-specific apoptosis and “bystander” antitumor
activity. Cancer Res 2006, 66(24):11869-77.
6. Jiang H, Su ZZ, Lin JJ, Goldstein NI, Young CSH, Fisher PB: The melanoma
differentiation associated gene mda-7 suppresses cancer cell growth.
Proc Nat Acad Sci 1996, 93:9160-9165.
7. Madireddi MT, Su ZZ, Young CSH, Goldstein NI, Fisher PB: Mda-7, a novel
melanoma differentiation associated gene with promise for cancer gene
therapy. Adv Exp Med Biol 2000, 465:239-61.
8. Fisher PB: Is mda-7/IL-24 a ‘’magic bullet’’ for cancer? Cancer Res 2005,
65:10128-38.
9. Gupta P, Su ZZ, Lebedeva IV, et al: mda-7/IL-24: multifunctional cancer-
specific apoptosis-inducing cytokine. Pharmacol Ther 2006, 111:596-628.
10. Lebedeva IV, Sauane M, Gopalkrishnan RV, et al: mda-7/IL-24: exploiting
cancer’s Achilles’ heel. Mol Ther 2005, 11:4-18.
11. Fisher PB, Gopalkrishnan RV, Chada S, et al: mda-7/IL-24, a novel cancer
selective apoptosis inducing cytokine gene: from the laboratory into the
clinic. Cancer Biol Ther 2003, 2:S23-37.
12. Su Z, Madireddi MT, Lin JJ, Young CSH, Kitada S, Reed JC, Goldstein NI,
Fisher PB: The cancer growth suppressor gene mda-7 selectively induces
apoptosis in human breast cancer cells and inhibits tumor growth in
nude mice. Proc Nat Acad Sci 1998, 95:14400-14405.
13. Su Z-z, Lebedeva IV, Sarkar D, et al: Melanoma differentiation associated
gene-7, mda-7/IL-24, selectively induces growth suppression, apoptosis
Patani et al. Cancer Cell International 2010, 10:29
http://www.cancerci.com/content/10/1/29
Page 8 of 9and radio-sensitization in malignant gliomas in a p53-independent
manner. Oncogene 2003, 22:1164-80.
14. Cunningham CC, Chada S, Merritt JA, et al: Clinical and local biological
effects of an intratumoral injection of mda-7 (IL24; INGN 241) in patients
with advanced carcinoma: a phase I study. Mol Ther 2005, 11:149-59.
15. Tong AW, Nemunaitis J, Su D, et al: Intratumoral injection of INGN 241, a
nonreplicating adenovector expressing the melanoma-differentiation
associated gene-7 (mda-7/IL24): biologic outcome in advanced cancer
patients. Mol Ther 2005, 11:160-72.
16. Dumoutier L, Leemans C, Lejeune D, Kotenko SV, Renauld JC: Cutting edge:
STAT activation by IL-19, IL-20 and mda-7 through IL-20 receptor
complexes of two types. J Immunol 2001, 167:3545-9.
17. Wang M, Tan Z, Zhang R, Kotenko SV, Liang P: Interleukin 24 (MDA-7/
MOB-5) signals through two heterodimeric receptors, IL-22R1/IL-20R2
and IL-20R1/IL-20R2. J Biol Chem 2002, 277:7341-7.
18. Sauane M, Gopalkrishnan RV, Lebedeva IV, et al: mda-7/IL-24 induces
apoptosis of diverse cancer cell lines through JAK/STAT-independent
pathways. J Cell Physiol 2003, 196:334-45.
19. Su Z, Emdad L, Sauane M, Lebedeva IV, Sarkar D, Gupta P, James CD,
Randolph A, Valerie K, Walter MR, Dent P, Fisher PB: Unique aspects of
mda-7/IL-24 antitumor bystander activity: establishing a role for
secretion of MDA-7/IL-24 protein by normal cells. Oncogene 2005,
24(51):7552-66.
20. Sauane M, Lebedeva IV, Su ZZ, et al: Melanoma differentiation associated
gene-7/interleukin-24 promotes tumor cell-specific apoptosis through
both secretory and nonsecretory pathways. Cancer Res 2004, 64:2988-93.
21. Gupta P, Walter MR, Su ZZ, Lebedeva IV, Emdad L, Randolph A, Valerie K,
Sarkar D, Fisher PB: BiP/GRP78 is an intracellular target for MDA-7/IL-24
induction of cancer-specific apoptosis. Cancer Res 2006, 66(16):8182-91,
PubMed PMID:16912197.
22. Sauane M, Gopalkrishnan RV, Choo HT, Gupta P, Lebedeva IV, Yacoub A,
Dent P, Fisher PB: Mechanistic aspects of mda-7/IL-24 cancer cell
selectivity analysed via a bacterial fusion protein. Oncogene 2004,
23(46):7679-90.
23. Sarkar D, Su ZZ, Lebedeva IV, et al: mda-7 (IL-24) mediates selective
apoptosis in human melanoma cells by inducing the coordinated
overexpression of the GADD family of genes by means of p38 MAPK.
Proc Natl Acad Sci USA 2002, 99:10054-9.
24. Jiang WG, Watkins G, Lane J, Cunnick GH, Douglas-Jones A, Mokbel K, et al:
Prognostic value of rho GTPases and rho guanine nucleotide
dissociation inhibitors in human breast cancers. Clin Cancer Res 2003,
9:6432-6440.
25. Jiang WG, Douglas-Jones A, Mansel RE: Expression of peroxisome-
proliferator activated receptor-gamma (PPARgamma) and the
PPARgamma co-activator, PGC-1, in human breast cancer correlates with
clinical outcomes. Int J Cancer 2003, 106:752-757.
26. Jiang WG, Watkins G, Fodstad O, Douglas-Jones A, Mokbel K, Mansel RE:
Differential expression of the CCN family members Cyr61, CTGF and Nov
in human breast cancer. Endocr Relat Cancer 2004, 11:781-791.
27. Ni QC, Yang L, Zhang CH, Zhou F, Zhu HJ, Huang JF: Effects of adenoviral-
mediated melanoma differentiation associated gene-7/IL-24 on growth
and apoptosis of breast cancer cells. Zhonghua Yi Xue Za Zhi 2008,
88(42):3008-11.
28. Lebedeva IV, Su Z-z, Chang Y, et al: The cancer growth suppressing gene
mda-7 induces apoptosis selectively in human melanoma cells.
Oncogene 2002, 21:708-18.
29. Suh YJ, Chada S, McKenzie T, Liu Y, Swisher SG, Lucci A, Hunt KK:
Synergistic tumoricidal effect between celecoxib and adenoviral-
mediated delivery of mda-7 in human breast cancer cells. Surgery 2005,
138(3):422-30.
30. Sarkar D, Su ZZ, Vozhilla N, Park ES, Gupta P, Fisher PB: Dual cancer-specific
targeting strategy cures primary and distant breast carcinomas in nude
mice. Proc Natl Acad Sci USA 2005, 102(39):14034-9.
31. Ramesh R, Mhashilkar AM, Tanaka F, Saito Y, Branch CD, Sieger K,
Mumm JB, Stewart AL, Boquoi A, Dumoutier L, Grimm EA, Renauld JC,
Kotenko S, Chada S: Melanoma differentiation-associated gene 7/
interleukin (IL)-24 is a novel ligand that regulates angiogenesis via the
IL-22 receptor. Cancer Res 2003, 63(16):5105-13.
32. Chada S, Mhashilkar AM, Liu Y, Nishikawa T, Bocangel D, Zheng M,
Vorburger SA, Pataer A, Swisher SG, Ramesh R, Kawase K, Meyn RE, Hunt KK:
mda-7 gene transfer sensitizes breast carcinoma cells to chemotherapy,
biologic therapies and radiotherapy: correlation with expression of bcl-2
family members. Cancer Gene Ther 2006, 13(5):490-502.
33. Bocangel D, Zheng M, Mhashilkar A, Liu Y, Ramesh R, Hunt KK, Chada S:
Combinatorial synergy induced by adenoviral-mediated mda-7 and
Herceptin in Her-2+ breast cancer cells. Cancer Gene Ther 2006,
13(10):958-68.
34. McKenzie T, Liu Y, Fanale M, Swisher SG, Chada S, Hunt KK: Combination
therapy of Ad-mda7 and trastuzumab increases cell death in Her-2/neu-
overexpressing breast cancer cells. Surgery 2004, 136(2):437-42.
doi:10.1186/1475-2867-10-29
Cite this article as: Patani et al.: Tumour suppressor function of MDA-7/
IL-24 in human breast cancer. Cancer Cell International 2010 10:29.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Patani et al. Cancer Cell International 2010, 10:29
http://www.cancerci.com/content/10/1/29
Page 9 of 9